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increased intake of EPA and DHA results in increased circulatory levels of prostaglandins E3, which are anti-inflammatory, reducing incidence of cardiac arrythmias by promoting vasodilation and preventing clot formation.
Dietary Reference Intakes for Adequate Intakes for ALA
were released by the National Academy of Sciences’ Institute of Medicine in 2002 (11). The recommended Adequate Intake for ALA is 1.6 g/day for men aged 14 years
to over 70 years and 1.1 g/day for women of the same age
group to maintain optimal health in both sexes. In 2005, the
American Dietetic Association issued The Disorders of Lipid
Metabolism Evidence Based Nutrition Practice Guidelines (12).
This evidence-based practice guideline recommends the inclusion of n-3 fatty acids from both plant and marine dietary sources in a cardioprotective diet.
Dietary intake surveys in the Midwest United States indicate generally low n-3 fatty acid intakes (13). This is a result of infrequent fish consumption and lack of knowledge
of other food sources. n-3 fatty acids are concentrated in
fatty fish, flaxseed, walnuts, and certain oils, such as canola
oil and walnut oil. Smaller amounts of n-3 fatty acids occur in a wide range of other plant and animal foods. Past
surveys have used dietary recalls or frequency of fish consumption to estimate intakes (3, 4). Measuring only fish frequency in the diet limits total assessment of n-3 fatty acids because it does not include plant and animal sources
of ALA. The purpose of this pilot study was to assess the
validity and reliability of an n-3 fatty acid food frequency
questionnaire (FFQ).

Abstract
The purpose of this pilot study was to test the validity and reliability of a quantitative n-3 fatty acid food frequency questionnaire (FFQ) for later use with larger groups of individuals.
A convenience sample of heart patients provided dietary data
via three 24-hour food recalls and FFQs. Participants were
women (n = 17) and men (n = 11), 43 to 77 years of age. The association of mean daily intake of n-3 fatty acids obtained using food recalls and the FFQ was assessed by Pearson correlation. The reliability of the FFQ was assessed using coefficient
α. Correlation of n-3 fatty acid intake using the food recalls
and the FFQ was r = 0.42 (P < 0.05). The coefficient α for the
test-retest of the FFQ was .83. The top two foods, walnuts and
flaxseed, contributed 58% of the n-3 fatty acid intake, and the
third food, salmon, contributed 5%. This quantitative n-3 FFQ
is a valid instrument for use in place of food recalls for estimating n-3 fatty acid intakes in heart patients and is a reliable
instrument to estimate n-3 fatty acid intakes from plant, animal, and seafood sources. The FFQ should be tested in a larger
population. Registered dietitians can use this FFQ to screen for
intakes, educate patients on food sources, and measure change
in intakes after nutrition intervention.

Numerous studies have emphasized the importance of
n-3 fatty acids in reducing the risk of cardiovascular disease. α-linolenic acid (ALA) (18:3n-3) is protective against
ischemic heart disease and can favorably change vascular
inflammation and endothelial dysfunction (1, 2). Both ALA
and the longer chain eicosapentaenoic acid (EPA) (20:5n-3)
and docosahexaenoic acid (DHA) (22:6n-3) have been shown
to be protective against cardiovascular risk (1–10). n-3 fatty
acids play an important role as structural membrane lipids,
particularly in nerve tissue and the retina, and are precursors to eicosanoids. The reduced overall mortality observed
in cardiovascular patients is related to a reduction in myocardial infarction and sudden death. Multiple mechanisms
are improved lipoprotein profile, including inhibition of triglyceride synthesis, and diminished thrombogenicity. An

Methods
Study Design and Population
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Participants were recruited from a Midwest regional
heart clinic and had participated in a previous nutrition
study (14). Patients were invited by telephone 3 months
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after the first study ended to participate in this study. All
components of the study were approved by the Institutional Review Board.

fraction of total variation that is a result of between-individual variability. A value near 1.00 means low within-person variation.

Dietary Intake Methods

Results

Two methods of dietary intake assessment were used;
three 24-hour food recalls obtained by multiple-pass
method (15), and FFQ. For the three 24-hour food recalls,
a registered dietitian made an in-home visit and collected
one of the recalls. Visual aids, such as food models, household measuring utensils, and pictures illustrating portion sizes, were used. Printed aids were left with the subjects to use in estimating food portion size for the 24-hour
food recalls and FFQ that were collected later. Participants
provided two additional 24-hour food recalls, including a
weekend day. The registered dietitian collected these by
telephone. Portion-size estimates were clarified and completeness of food recalls was assured by query.
The 152-item FFQ was developed from foods that provided ≥10 mg n-3 fatty acid/medium serving using Food
Processor (Version 8.1, 2003, ESHA Research, Salem, OR).
ESHA Research uses US Department of Agriculture nutrient data sets as its core (16). Small, medium, and large portion sizes were defined for each food item, using the US
Department of Agriculture Food Guide Pyramid portion
guidelines (17). Frequency of consumption was categorized
as none, once a month, less than once a week, one to two
times a week, three to four times a week, five to six times
a week, daily, and more than once a day. After the food recall, and while the registered dietitian was on site, the participant received instructions on how to complete the first
FFQ. Additional pictures and food models were used to
illustrate portion sizes for foods on the FFQ. For the second administration of the FFQ, participants were provided
with a self-addressed envelope and instructed to complete
and return the FFQ again in 2 weeks.
Food Processor was used to analyze the food recalls and
to obtain total estimates of mean intake of ALA, DHA, and
EPA. On the FFQ, estimated intake of total n-3 fatty acids
was calculated for each food by multiplying the amount of
n-3 fatty acids for that food by the frequency selected (as
described above) by the selected serving size: small (0.5),
medium (1.0), and large (1.5). n-3 fatty acid intakes and estimates of n-3 fatty acids by food group were estimated
from the FFQ by the use of Microsoft Excel 2002 software
(Microsoft Corp, Seattle, WA).

Twenty-eight of 35 patients contacted agreed to participate (80% response rate). Two thirds were female, 7%
were 43 to 50 years of age, 39% were 51 to 60 years of age,
and the remaining were between 62 and 77 years of age.
More than two thirds were married, over 60% had annual
incomes ≥$35,000, and all were white. Mean daily intake
of n-3 fatty acids by three 24-hour food recalls was 1.763
±1.949 g with a range of 0.210 to 8.150 g/day. Mean daily
intake of n-3 fatty acids as assessed by first administration
of FFQ was 2.468 ±1.927 g with a range of 0.340 to 7.638 g.
The difference between first administration FFQ and three
24-hour food recalls was 0.705 g, with 0.393 standard error,
and paired sample t test indicated no significant difference
between the two assessment methods (P > 0.05). Average
time to complete the FFQ was 20 minutes. Pearson correlation between the food recalls and FFQ was 0.42 (P < 0.05).
ALA contributed 84% (1.48 g/day), EPA 5% (0.08 g/day),
and DHA 11% (0.20 g/day) of the total n-3 fatty acid intakes from three 24-hour food recalls.

Statistical Analysis
Data were analyzed using Statistical Package for the Social Sciences (version 11.0, 2002, SPSS, Inc, Chicago, IL).
Means and standard deviations for daily n-3 fatty acid intake were calculated for the food recalls and first administration of FFQ. Pearson correlation was used to assess the
association between mean intakes as collected by 24-hour
food recalls and first administration of FFQ. The mean difference between the first administration of the FFQ and
24-hour food recalls and the standard error of difference
were estimated and tested with paired t test. The α coefficient was used to assess the reliability of the FFQ using the
first and second administrations of FFQ in the test–retest
approach (18). The α coefficient of the FFQ measures the

A quantitative FFQ would be useful to
estimate intakes from fish, animal, and
plant sources to identify individuals
who need nutrition intervention.

The α coefficient for the total daily n-3 fatty acid intake
was .83. The α coefficient for food groupings ranged from
.93 for grains to .57 for vegetables.
Table 1 shows the rank order of foods providing n-3
fatty acids in the diets from FFQ. Participants obtained n-3
fatty acids from a wide variety of food sources. The top 28
foods (shown in Table 1) provided 90% of the n-3 fatty acid
intake. A total of 73 of 152 foods contributed 98% of the n-3
fatty acid intake. Overall, 113 of 152 items on the FFQ were
consumed.
Discussion
Cardiovascular risk is negatively associated with increased intake of n-3 fatty acids (1–10). In addition, n-3
fatty acids may protect against cancer (19) and play a role
in reducing inflammation in rheumatoid arthritis (20, 21).
Because of these potential health benefits and the fact that
n-3 fatty acid intakes are low in certain groups, a reliable
and efficient method to estimate intake is needed. These
heart patients had higher intakes of n-3 fatty acids by three
24-hour food recalls than previously reported. Three Midwestern populations had intakes of 1.060 ±0.300 g/day
(low-income pregnant women) (22), 0.887 ±0.121 g/day
(physically active adults) (23), and 0.620 ±0.710 g/day (volunteers with hypercholesterolemia) (24). Involvement in
the earlier nutrition study may explain the higher intakes
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Table 1. Rank order of food sources a of n-3 fatty acids in 28
male and female cardiac patients from a Midwest regional
heart clinic
n-3 Fatty Acid Intake
Rank Food
order		
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

English walnuts
Ground flaxseeds
Salmon
Canola oil
Uncle Sam cereal b
Miracle Whip c
Soybeans
Soy milk
White bread
Beef
n-3 Egg
Loose-leaf lettuce
Chicken
Almonds
Banana
Baked beans
Tuna
Cantaloupe/muskmelon
Soy nuts
Navy beans
Potato
Turkey
Pecans
Cheddar cheese
Pork
Zucchini squash
Strawberries
1% Milk

% of
total

Cumulative
%

30.00
27.81
4.92
4.73
2.98
2.14
1.84
1.51
1.46
1.32
1.16
0.98
0.94
0.88
0.75
0.75
0.71
0.70
0.67
0.53
0.46
0.44
0.42
0.41
0.34
0.34
0.33
0.31

30.00
57.81
62.73
67.46
70.44
72.58
74.42
75.93
77.39
78.71
79.87
80.85
81.79
82.67
83.42
84.17
84.88
85.58
86.25
86.78
87.24
87.68
88.10
88.51
88.85
89.19
89.52
89.83

a. Food frequency questionnaire.
b. US Mills, Needham Heights, MA.
c. Kraft Foods, Northfield, IL.

in the heart patients in our study. Several studies have utilized a 62-item semi-quantitative FFQ including four fish
categories to assess n-3 fatty acid intake (6, 7). However,
the majority of previous studies have assessed n-3 fatty
acid intake from fish consumption alone (8, 9). A quantitative FFQ would be useful to estimate intakes from fish, animal, and plant sources to identify individuals who need
nutrition intervention.
The correlation between the recalls and FFQ was 0.42.
This compares favorably with the results of other validation studies. Other researchers have obtained correlation
coefficients ranging from 0.40 to 0.70 for a variety of nutrients and among various population groups (25–27).
Lower correlations occur for nutrients such as vitamin A
(0.41), or vitamin E (0.19) because the amounts in food vary
considerably.
Results of correlations between food recalls and FFQ
in this study were similar to those reported in a previous

FFQ
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study on the phytoestrogens, daidzein, and genistein contained in soy products. The correlations of diet recall and
FFQ were 0.49 to 0.58 for diadzein and 0.45 to 0.54 for genistein (28). These dietary components are similar to the
n-3 fatty acids in that they are concentrated in a few foods.
Because n-3 fatty acids occur in highly variable amounts
among different foods, three 24-hour food recalls may not
be enough days to reflect usual intake (25–27). A range of
54 days for males and 71 days for females is required to get
within ±10% accuracy, with a 95% confidence level for estimating fat intake, and vitamin A requires 40 days of food
recalls (29). Although multiple dietary records are believed
to provide the most accurate estimate of usual intakes, the
number of records needed is large and was not feasible for
this study. We chose three 24-hour food recalls to lower respondent burden.
Food recalls result in lower estimates of n-3 fatty acid intakes than the FFQ because of underreporting. When food
recalls are used, consumption may be underreported by
10% to 45%, and women are at a greater risk of underreporting than men (30, 31). Over two thirds of our subjects
were women.
Estimates of intake using FFQs are generally higher than
when food recalls are used. For example, pregnant women’s energy and nutrient intakes were 30% to 40% higher
with the FFQ than with food recalls (31). In our study, the
FFQ estimate of total n-3 fatty acid intake was 29% higher
than food recalls.
For test–retest reliability, results were comparable to
other studies. We administered the FFQ 2 weeks apart
to lessen measuring change in diet over time and maintain subject interest in the study. Our α coefficient of 0.83
was higher than 0.67 for vitamin E reported by Morris
and colleagues (32) when using FFQs in Chicago Health
and Aging Project participants. Erkkola and colleagues
(33) measured 0.62 for n-3 fatty acids in the Finnish population using FFQs. The closer the α coefficient is to 1.00,
the greater the internal consistency of items in the instrument being assessed. This demonstrates that each participant was able to estimate and give the same information on
intake from one administration of the questionnaire to the
next administration 2 weeks later. For food groupings, the
α coefficients ranged from .93 for grains to .57 for vegetables between the two administrations of the FFQ. The variation in α coefficient among food groupings might be related to how frequently the same foods within that group
are consumed. For example, grain items, such as sliced
bread and breakfast cereal are relatively constant from one
day to the next, whereas for vegetables, the type of vegetable within that grouping varied from day to day. The test–
retest coefficients for fats/oils, fish, legumes, and nuts and
seeds were all ≥.81. These foods were major contributors to
n-3 fatty acid intake.
The top two n-3 fatty acid food sources were walnuts
and flaxseeds. Collectively these two foods provided 58%
of the n-3 fatty acids in the form of ALA (Table). The third
contributor to overall n-3 fatty acid intake was salmon,
which provided nearly 5% of the total daily intake or 0.123
g/day. In this population, beef and the n-3 egg each provided more n-3 fatty acids than tuna (1.32% and 1.16% of
intake vs 0.71%, respectively). Baked beans provided approximately the same amount of n-3 fatty acids as tuna.
Tuna was the next fish item ranked after salmon. Clearly,
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the heart patients were not consuming fish as their top dietary source of n-3 fatty acids. Without affecting reliability,
the FFQ may be improved by reducing the number of food
items it contains.
The limitations of this study are the small number of
subjects (n = 28), all of whom resided in the midwestern
United States, the small number of 24-hour food recalls
used (three recalls), and the short period between the testretest administration of the FFQ. Finally, the FFQ needs
to be validated in a population with a wider range of ages
and health conditions residing in different parts of the
United States.
Conclusions
• This FFQ can be used to estimate n-3 fatty acid intakes in
heart patients and requires additional testing before use
in research. The number of food items may be reduced
for use in future research and clinical settings.
• In these heart patients, the majority of n-3 fatty acid intake was provided by ALA from plant sources and a
smaller amount of long chain EPA and DHA was provided by fish. Therefore, when assessing n-3 fatty acid
intakes, registered dietitians need to use an assessment
tool that includes plant, animal, and fish sources.
• Use of the FFQ can contribute to evidence-based practice
by measuring outcomes of registered dietitian intervention to increase dietary intake of n-3 fatty acids.
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